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Overview 
 
 
The aim of the project is giving a solution for a manufacturing control problem 
using a telecommunication infrastructure. The system is required to acquire 
information of production, transmit it to a processing data point and show the 
results.  
 
In manufacturing the internal supply of materials, components and semi 
elaborated elements can be determined according to the production that have 
to be developed later (ERP systems) or according to the remaining stock of 
this items (just in time strategy). In just in time strategy kanban and 
supermarkets are used for order internal supplies. 
 
This project focuses on the application of technological methods to a particular 
real manufacturing cellule that works with a kanban system using a as well a 
supermarket. The real functioning of the system has been studied in order to 
offer a just in time-style solution using technology to avoid manual handling 
and provide reliability and traceability. 
 
The research has been done in the communication field as well as the image 
detection applications. The project is divided in two stages; one for the analysis 
of the production system and the management control techniques and the 
other for the technical aspects. Radiofrequency and infrared communication 
have been studied to use the appropriate solution for the development of the 
project.  
 
The transmission of the information has been designed through an optical 
wireless link based on infrared LEDs. It is considered to be the best solution for 
the indoor environment where it has to be used. The availability of the system 
has been proved with power level analysis and channel bandwidth capability.  
 
Finally, both parts of the project have been connected in order to obtain a 
global solution mixing the technological solutions with the industrial problem. 
 
 
ÍNDEX 
 
 
INTRODUCTION................................................................................................ 1 
CHAPTER 1. MANUFACTURING PROCESS DESCRIPTION AND PROBLEM 
DEFINITION....................................................................................................... 4 
1.1 Introduction........................................................................................................................ 4 
1.2 Description of housing’s manufacturing process ......................................................... 5 
1.2.1 Operation’s definition.............................................................................................. 6 
1.3 Kanban system .................................................................................................................. 7 
1.3.1 DFP3 housing’s kanban functioning....................................................................... 7 
1.3.2 Value Stream Map (VSM)....................................................................................... 8 
1.4 Problem definition ........................................................................................................... 11 
1.4.1 Requirements ....................................................................................................... 11 
CHAPTER 2. COMMUNICATION SYSTEMS FOR INDOOR ENVIRONMENT
......................................................................................................................... 13 
2.1 Introduction...................................................................................................................... 13 
2.2 Comparison of infrared with radio systems ................................................................. 13 
2.3 System configuration for Infrared communication...................................................... 14 
2.3.1 Link configuration ................................................................................................. 15 
2.3.2 Transmitter options............................................................................................... 16 
2.3.3 Receiver options................................................................................................... 17 
2.3.4 Data transmission limitations................................................................................ 17 
2.3.5 Eye safety ............................................................................................................. 18 
2.3.6 Modulation techniques.......................................................................................... 18 
CHAPTER 3. ADOPTED SOLUTION .............................................................. 21 
3.1 Introduction...................................................................................................................... 21 
3.2 Image detection ............................................................................................................... 21 
3.3 Communication Interface ............................................................................................... 22 
3.3.1 Transmitter SFH4550 ........................................................................................... 22 
3.3.2 Receiver SFH213 ................................................................................................. 22 
3.3.3 Channel main features ......................................................................................... 23 
3.3.4 Power level analysis ............................................................................................. 25 
3.4 Data processing............................................................................................................... 28 
3.4.1 Software implementation ...................................................................................... 28 
3.4.2 Software tests ....................................................................................................... 30 
3.5 Data visualization ............................................................................................................ 32 
3.6 Overall communication................................................................................................... 33 
  
3.6.1 Transmission ........................................................................................................ 33 
3.6.2 Reception.............................................................................................................. 33 
3.6.3 Channel duplicity .................................................................................................. 34 
CHAPTER 4. GLOBAL DESIGN ..................................................................... 36 
4.1 Description of data acquisiton sites.............................................................................. 36 
4.1.1 Heat treatment input ............................................................................................. 36 
4.1.2 Heat treatment database ...................................................................................... 38 
4.1.3 Heat treatment supermarket................................................................................. 38 
4.1.4 Control point ......................................................................................................... 39 
4.2 Equipment requirements ................................................................................................ 39 
4.2.1 Material description .............................................................................................. 39 
4.2.2 Material budget ..................................................................................................... 41 
CHAPTER 5. CONCLUSIONS......................................................................... 43 
CHAPTER 6. FUTURE LINES......................................................................... 44 
BIBLIOGRAPHY.............................................................................................. 45 
APPENDIX....................................................................................................... 47 
APPENDIX A. SFH4550 INFRARED TRANSMITTER............................................................... 47 
APPENDIX B. SFH213 PIN PHOTODIODE............................................................................... 49 
APPENDIX C. LMH6624 Single/Dual Ultra Low Noise Wideband Operational .................... 52 
A case of acquisition, transmission and use of information to control a manufacturing process  1 
INTRODUCTION 
 
 
Nowadays, production is achieved through automation of production, which 
involves the use of control technology for operating devices, equipment and 
processes in a manufacturing system. The goal of management techniques in 
manufacturing processes is controlling material production inside a cellule as 
well as detecting problems and be able to improve the actual system. 
 
There are different types of schemes than can be used to develop a production 
control process. The first of all is the simplest, which consists in operate the line 
at full capacity or not operate de line. This is the “full-on” or “full-off” mode of 
operation. In the full-on mode, a part is put into the system whenever the line 
can accept another part. With this system the production facility is usually 
operated at full capacity during the normal working hours of the plant, and is off 
otherwise. It has some limitations as the low variety achievable in customer 
demands or the variable production rate according to the equipment 
breakdowns, blocking, starvation, etc. 
 
In contrast, in a push system the production rate is controlled by setting the 
input rate. However, since the release times are independent of the system 
status, the performance of push systems can be very sensitive to variations in 
the system such as changing processing times. On the other hand, to achieve 
robustness to variability in the system, one can consider another type of 
production control system referred to as a pull system. In a pull system releases 
are authorized based on the status of the line, and thus it is similar to a closed-
loop process control system where the control input depends on the process 
variables or output.  
 
The work-in-process (WIP) is the total number of parts in the manufacturing 
system at a given point in time during production. The main goal of WIP is being 
as small as possible, since a large WIP implies that, a large amount of work-to-
be-processed is in the manufacturing system and is not making money for the 
company (until the product is manufactured and sold)[1].  
 
In manufacturing the internal supply of materials, components and semi 
elaborated elements can be determined according to the production that have 
to be developed later (ERP systems) or according to the remaining stock of 
this items (just in time strategy). 
 
In just in time two systems can be used for order internal supplies: kanban and 
supermarkets. Kanban was developed in Japan by Toyota. In a kanban system, 
each stage (a station and buffer) of the production line has a set of cards (called 
kanbans in japanese). When a part arrives at the ith stage, a card is attached to 
it until it leaves that stage for the next one. If all kanbans (cards) at the ith stage 
are attached to parts in that stage, no new parts can be admitted to the ith 
stage. When a part in the ith stage is admitted to the (i+1)th stage, the kanban 
attached to the part is removed and is then available to be attached to a new 
part entering the ith stage [1].From the description of kanban, it is clear that the 
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WIP level is controlled at each stage, and thus kanban is a type of local 
inventory control. Supermarket is used to place finished products from the ith 
stage. It is used to know how many items have to be produced, considering the 
volume of the supermarket. When products leave supermarket it means more 
products have to be manufactured. Fig. I. 1 shows an example of a kanban 
pannel and a real supermaket with some material charts parked. 
 
 
      
 
Fig. I. 1 Examples of a pannel of kanbans (a) and a supermaket (b) 
 
Both are in fact equivalent: the number of kanbans sent to the provider of the 
items indicates the same thing that the free space of the supermarket: the stock 
to be replenished. 
  
A solution to a particular case is proposed here. The solution offered is of the 
style of just in time and uses technology to avoid manual handling and provide 
reliability and traceability. 
  
The solution developed here consists in: 
- a supermarket 
- an image detection system that recognise the free spaces of each kind of 
product 
- an optical transmission of this information 
 
 
Delphi Diesel System is one of the international companies that have addapted 
lean management into its production system. It means the use of just in time 
strategies for controlling manufacturing cellules. Delphi works in automotive and 
commercial vehicle products, having important customers as Ssangyong, Tata, 
Toyota, PSA Peugeot Citroën among others. The project is developed around 
one of the different products that Delphi develops as the common rail diesel 
pumps, especially in one of its the parts: the DFP3 housing. 
 
At present, a traditional kanban is been used in DFP3 housing cellule, which 
means that paper cards are employed. Failures had been detected in this 
system applying this method. The lack of material control in a kanban involves 
mistakes in diary stocks. If kanban system is not correctly applied, the control of 
what pieces are in the process is lost. In this case there is not any production 
order for new material to start the process. 
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The aim of this project is to design a technological solution for the actual 
problem. The solution would be able to have remote control in the different 
cellule points to allow the system working as the actual kanban. The analysis of 
the solution requires the selection of the appropriate sensing method, the 
communication interface and the processing data method as well. Due to the 
physical clear differences in housing pieces and the necessity of differentiate 
them it has been decided to use image detection. The study on communication 
technologies has been done among wireless networks. The main reason is the 
unavailability of using wire in an indoor environment where material is flowing 
and distances are rather high. The two main communication techniques under 
study have been radiofrequency and infrared communications. The second one 
is the best option in working conditions due to the environment we are studying, 
the cost and the viability of adapting IR technology. Finally, after deciding which 
one was the best option in data processing, a software toolkit based on image 
detection has been used. Several tests have been done in order to verify its 
functioning. 
 
The report is organized as follows. Chapter 1 introduces the actual 
manufacturing process and defines the necessities for the solution of the 
problem. Chapter 2 analyzes the different technologies that can be used to 
develop a technical solution to the problem. Chapter 3 describes the solution 
design from the sensing method up to the data processing and the global 
connection. Chapter 4 explains the global solution integrating the technical 
design in the actual factory cellule and how the system will work. Finally 
Chapter 5 summarizes the conclusions of this work and Chapter 8 shows a 
global vision of the future work that can be done in this research area. 
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CHAPTER 1. MANUFACTURING PROCESS 
DESCRIPTION AND PROBLEM DEFINITION 
 
 
The project is included within manufacturing process control environment. The 
aim is solving a real problem that occurs in a factory working cellule. In this 
chapter, we describe the manufacturing process on which we are going to work 
and its information management, as well. Finally, the problem on which we will 
work is defined. 
 
1.1 Introduction 
 
Delphi Diesel Systems is a multinational company working on automotive and 
commercial vehicle products. The project has been developed in the 
factory of Delphi Diesel Systems company located in Sant Cugat del 
Vallés (Barcelona). Delphi Spain customers include many of the leading 
automotive manufacturers in Europe and around the world. Delphi Spain is a 
supplier to Daimler-Chrysler, Fiat, Ford, General Motors, Honda Motor 
Corporation, J.C. Bamford, Jianging Motors Corporation, John Deere, Lear, 
Leoni, Mercedes-Benz, Nissan, Pioneer, PSA Peugeot Citroën, Renault, Saab, 
Siemens, Ssangyong, Tata, Toyota, Volkswagon, and Volvo, among others. 
Products produced in Delphi Spain include common rail diesel pumps, plastics 
injection components and switches and mechatronic systems [2]. 
 
Among the variety of products developed in Spain headquarter, the project will 
work on the common rail diesel pumps. Each of these pumps is composed of 
several parts as the hydraulic header or the housing. The cellule under study is 
on housing’s DFP3 process specially the one that works with heat treatment 
procedure. 
 
Housing is the central piece of the diesel pump and because of it its treatment is 
one of the most important in the factory. The gross piece comes from another 
factory, in Spain it is only treated in order to prepare it to the assembly with the 
other parts of the pump. It follows several stages in all the process. It suffers 
soft treatment operations, followed by heat treatment and finally the hard 
manipulation of the piece. 
 
There is no only one model of housing pieces. As it has been mentioned before 
many customers work with Delphi pumps which involves several different 
models of DFP3 housing. Especially the models performed for housing are PSA 
Peugeot Citroën, Daimler-Chrysler and Hyundai which are shown in Fig.1. 1. 
 
A case of acquisition, transmission and use of information to control a manufacturing process  5 
 
     
Fig.1. 1 Four models of housing pieces: a.DAI2; b.PSA; c.HMC; d.DAI3 
 
Each model refers to a different customer so the demand varies and the 
quantities of pieces manufactured each day are different. The cellule works with 
a diary demand of pieces. Table 1. 1 shows the number of pieces that have to 
be performed every day according to the reference. 
 
Table 1. 1 Number of pieces manufactured every day 
 
Reference model Number of pieces /day 
DAI2/3 600 
HMC 300 
PSA 300 
 
 
This amount of pieces is required to be manufactured every day in this cellule 
and the four references are treated separately, both in machines, in charts and 
in quantity of material. Machines need especial adaptation according the 
reference model of piece. To achieve the required quantity of pieces of each 
model, several reference changes are performed. It means that the production 
is toggled. The total of pieces per day of one model is never performed 
continouosly. In this way, according the numbers in Table 1. 1, the total of 
working time of operators and the time used to change the machinery between 
reference models, engineers can calculate when is the best moment to change 
from one reference to the next. 
 
1.2 Description of housing’s manufacturing process 
 
The different types of housing performed in the cellule follow the same 
manufacturing process. However, they are treated separately taking into 
account the amount of material of each reference that have to be manufactured 
every day (Table 1. 1). 
 
The global housing DFP3 process is illustrated in Fig.1. 2. It is divided in 3 main 
sub-processes. After arriving to the factory the gross piece suffers a soft 
treatment. It starts in IXION machine and ends in SONOWAT washing 
operation. The second sub-process is the heat treatment that includes three 
operations: explosion deburring, pickling and heat treatment itself. The following 
a b c d 
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operations are those belonging to hard treatment and this is the previous step 
before washing and assembling the housing with the rest of the parts of the 
pump. 
 
 
 
Fig.1. 2 Block diagram of the housing DFP3 process 
 
1.2.1 Operation’s definition 
 
Although the housing DFP3 process includes all operations in Fig.1. 2, only 
some of them are object under study in this project. Specifically, the analysis 
will be focused in the three last operations of soft treament (GUYSON, 
DIVATEC and SONOWAT) and the whole heat treatment. It involves a total of 
six different operations. The material is not always flowing in the same way 
between tasks, depending on the operation it flows piece by piece or with the 
use of charts. 
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The six operations under study can be separated in 2 main organizations: one 
which involves GUYSON, DIVATEC and SONOWAT operations and the other 
counting BOSCH, ENTHONE and ECM. These groups of tasks are physically 
separated what means that each one is located in a specific place in the cellule, 
away from one another.  
 
1.3 Kanban system 
 
Kanban is used as manufacturing management tool in DFP3 housing’s cellule. 
It is useful in discrete manufacturing beacuse it allows controlling the WIP 
(Work-In-Process) perfectly. It actuates as a pull system. Kanban consists in 
using cards to control the material along the process. 
 
In this cellule the cards are applied in the process from SONOWAT stage (F-
70.30) up to ECM (F-100). Cellule control is managed with the panels shown in 
Fig.1. 3.  
 
 
 
 
Fig.1. 3 Kanban panel in Heat treatment cellule 
 
1.3.1 DFP3 housing’s kanban functioning 
 
In this cellule the kanban is applied  from SONOWAT operation until the end of 
the Heat Treatment subprocess. When cards leave SONOWAT operation a 
card of its reference model is introduced in the panel number 1. These cards 
follow a FIFO model so that operators could know the material that is in the 
process looking at this line of cards. 
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When charts of material finish the process they go to supermarket. Then its 
corresponding card, previously introduced in panel 1, is attached with the chart 
of material, remaining with it while the chart waits in the supermarket. In the 
moment that the finished charts are taken from the supermarket to go to 
following process the card attached is introduced in panel number 2. In this way 
we can take some conclusions: 
 
1. Panel 1 helps knowing which material is in process (in heat treatment 
sub-process) 
 
2. Panel 2 contains information about what references are being 
performed and what of them must be introduced into the process 
(which has more cards in panel 2). It is useful to throw the 
manufacturing order.  
 
We can assume the output of material of the supermarket to the following one is 
the manufacturing order for the process so it is the weak point in this system. If 
cards are lost during the process, production starts to go wrong. 
 
1.3.2 Value Stream Map (VSM) 
 
The value stream map (VSM) is a tool used to analyze the flow of materials and 
information. It is useful to identify opportunities for improvement in lead time of 
cellule material. 
 
All processes in the factory have a VSM designed by the engineering 
department and based on empirical tests. In order to analyze the process under 
study, we have outlined the time of the process and draw an estimated VSM 
Fig.1. 5. 
 
1.3.2.1 Production times measurement 
 
VSM is based totally in empirical measurements. According to this fact, different 
results have been obtained. There are two different measurements. On the one 
hand we have measured the total time of the process calculating an average of 
empirical measurements. Four scrap pieces were marked with numbers one to 
four so that they can be recognized along the process. An example is illustrated 
in Fig.1. 4. They were introduced in the process progressively and analyzed 
when they left it. After this, with the obtained data we calculate an average time 
between all measurements. The process time calculated was about 30 hours. It 
is not an exact result but gives information about the order of magnitude we are 
talking about. 
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Fig.1. 4 One of the marked crap pieces introduced in the process 
 
On the other hand the added value times of each operation have been 
determined in two ways: 
 
1. From GUYSON to SONOWAT times have been measured manually, 
which means standing next to the machines and controlling the 
operation time in each of them. 
 
2. BOSCH, ENTHONE and ECM have a fixed operation time. 
 
1.3.2.2 VSM description 
 
Merchandise flow works following a FIFO system, what means First in First out. 
However, different units of transportation and mechanization as charts and trays 
are used.  
 
Among GUYSON, DIVATEC and SONOWAT, material flows piece by piece as 
long as in second section charts (two units of 40 pieces) are used. When 
material leaves BOSCH, going to ENTHONE, transportation system changes to 
the one which we call charge. In Table 1. 2 we show the number of pieces that 
composes each one of those charges, that later are introduced in ENTHONE 
machine and ECM oven. 
 
Table 1. 2 Number of pieces en each charge according the reference model 
 
Reference Number of pieces/ 
floor 
Number of 
floors/charge 
Total 
pieces/charge 
HMC 28 4 112 
DAI3 28 6 168 
PSA 28 5 140 
DAI2 28 5 140 
 
 
Finally, when charges leave the ECM oven they are introduced again into a 
different chart (due to high temperature of pieces), the one that waits in the 
supermarket for next process. 
10                                                                                        CHAPTER 1. MANUFACTURING PROCESS DESCRIPTION AND PROBLEM DEFINITION 
 
 
 
Fig.1. 5 Value Stream Map of the process under study
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1.4 Problem definition 
 
Kanban system is designed to be applied in a correct way by all members of a 
team. However, the system must be easily adopted to achieve good results and 
if it does not work properly it means that something is doing wrong. The 
responsibility is both for team members and engineers who must design the 
better system for the better cellule functioning. 
 
In this point is where the project is focused. The idea falls in designing an 
autonomous system able to transmit the same information that is intended with 
the cards. Thus the members of the team should only analyze information in a 
control point in order to make decisions in terms of production orders. 
 
As illustrated in Fig.1. 6, the objective is obtain information of the 2nd group of 
operations (BOSCH, ENTHONE and ECM) by seeing the material that remains 
in this section and, also, control the supermarket to know how much material 
has been produced and the free space of it.  
 
The system has to be able to acquire information of material in process and 
transmit it to be processed in a control point. This site would be the responsible 
of giving the same information than the traditional kanban panel (see Fig.1. 3). 
 
1.4.1 Requirements 
 
The solution must accomplish a serial of requirements to be adaptable to the 
working environment without perturbing the operation of the factory. The 
telecommunication design will have to fulfil the following requirements: 
 
1. Design a system that can control material location within the cellule and 
can work as a traditional kanban. 
2. Technological devices should not interfere in factory work and vice versa; 
it should be isolated. 
3. It must be an autonomous system able to be programmed and show 
information about the more important steps in the process. The use of 
batteries or electrical current is not a critical point. 
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Fig.1. 6 Localization of the sites in the different points of the heat treatment cellule 
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CHAPTER 2. COMMUNICATION SYSTEMS FOR 
INDOOR ENVIRONMENT 
 
 
The solution of the defined problem requires a telecommunication infrastructure 
to be able to have information of different sites of the cellule in one point. In this 
chapter we have studied some communication systems as radio or infrared 
communication with the aim of choosing one of them as the optimum for the 
working conditions. 
 
As mentioned in chapter 1, the working environment of the project is indoor. 
The implementation of the network is developed inside a factory specifically in 
one of the working cellules. Cellule has rather material movement as well as 
complex machinery; therefore wired communication would not be the optimal 
solution because it could affect work in the factory.  
 
2.1 Introduction 
 
In recent years wireless communication has become the excellence technology 
for both indoor and outdoor systems. The high cost of reconfiguring and 
maintaining wired networks makes wireless an economical and flexible 
alternative to wired systems [3]. 
 
A way to achieve high-speed, indoor wireless communication is by using 
infrared radiation. The idea of using it as a medium to communicate in indoor 
environment was first proposed about two decades ago [4] [5]. 
 
As optical systems operate in the near-infrared part of the spectrum, they make 
use of very low cost optoelectronic components available today. These 
components are generally small and consume little power, which is very 
important in manufacturing mobile terminals for telecommunication in large 
quantities [3]. 
 
2.2 Comparison of infrared with radio systems 
 
Infrared radiation appeared to be a viable alternative to radio for wireless 
communications. This is because, for indoor environments, infrared presents 
certain advantages when compared with radio-frequency systems. Radio-
frequency transmission is regulated by the FC (Federal Communications 
Commission) [6] in the USA, and the Radio Communications Agency in the UK 
[7], and licenses are obtained with difficulty because of the increasing 
congestion of the frequency bands. The infrared region of the spectrum, on the 
other hand, offers huge bandwidth potential that is unregulated all over the 
world [3]. 
 
14                                                                CHAPTER 2. COMMUNICATION SYSTEMS FOR INDOOR ENVIRONMENT 
Infrared radiation is confined to the room, just like visible like, in the way that it 
cannot be detected outside this room, avoiding eavesdropping. Moreover, 
infrared radiation does not interfere with systems of the same nature operating 
in neighbouring rooms and does not interfere with radio-frequency spectrum 
either [3]. Another advantage of infrared systems is that its components are 
small, inexpensive and consume little power, what is very important talking 
about mobile and autonomous terminals. 
 
On the other hand, infrared have, also, some limitations. Infrared may suffer 
from blocking from persons and objects, resulting in problems on the 
communication link. Generally, optical wireless systems operate in noisy indoor 
environments due to incandescent, fluorescent lighting due to incandescent, 
fluorescent lighting or sunlight from outside that contributes to the noise in the 
detector. In infrared systems the transmitted power level is limited due to eye 
safety considerations, and this implies that the range of the system is restricted 
as well. Table 1 shows a comparison of Radio and infrared communication 
features for indoor applications [3]. 
 
In conclusion, both radio and infrared technologies can operate in a 
complementary way, but one may be preferred over the other depending on the 
application. Radio-frequency systems are the most convenient medium when 
transmission over long distances and high mobility are necessary, and infrared 
media is favoured in short range applications where high rate link is required. 
 
Table 2. 1 Comparison of radio and infrared properties for indoor wireless 
communications, (source: “Indoor optical wireless communications” of 
R.Ramirez-Iniguez and R.J. Green)  
 
 Radio Infrared 
FCC/RCA regulation yes No 
Security possible High 
RF interference yes No 
Technology Cost variable Potentially low 
Main noise source Other user interference Ambient light 
Coverage medium Low 
Mobility yes Some configurations 
BW limitation regulatory Photodetector/preamplifier, diffuse channel 
Multipath dispersion Yes Some configurations 
Multipath fading Yes No 
Path loss high high 
 
2.3 System configuration for Infrared communication 
 
After analyzing the two possible wireless communication systems that could be 
implemented in an indoor environment and taking into account that we need a 
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short range, fixed link, we choose an infrared link as the solution of our 
communication necessities. In this way, some parameters have to be defined in 
order to achieve the initial objective. 
 
2.3.1 Link configuration 
 
In optical wireless links we have two the different kinds of link we can configure. 
They are classified in two groups: depending on the existence of a line-of-sight 
(LOS) path between the transmitter and the receiver, and the degree of 
directionality [8][9]. The six basic configurations are shown in Fig. 2. 1. 
 
 
 
Fig. 2. 1 Configurations of infrared links , (source: “Indoor optical wireless 
communications” of R.Ramirez-Iniguez and R.J. Green) 
 
LOS link systems improve power efficiency and minimise multipath distortion. 
Non-LOS links, in contrast, increase link robustness as they allow the system to 
operate even when obstacles are placed between the transmitter and receiver, 
and alignment is not required.  
 
Directed LOS links improve power efficiency as the path loss is minimised. This 
kind of systems needs alignment of the transmitter and the receiver, making 
them less convenient to use for certain applications. In contrast, directed non-
LOS links improve power efficiency because the transmitted power is 
concentrated in a narrow optical beam, making possible the use of narrower 
field-of-view (FOV) receivers. Moreover, this kind of system does not suffer from 
multipath distortion, and a predetermined maximum transmission distance can 
be assured for a given optical power, independently of the reflective properties 
or the shape of the room, as far as the line of sight is not interrupted. The 
drawback of this configuration is that it is susceptible to blocking. 
 
Hybrid-non-LOS systems do not present the blocking problem but suffer from 
multipath distortion that increases as the area is increased. 
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The most robust and flexible configuration is the nondirected-non-LOS, or 
diffuse. This kind of link has the advantage that it can operate even when 
barriers are placed between the transmitter and the receiver. In spite of this 
advantage this system suffers from multipath dispersion and higher optical 
losses than LOS and hybrid LOS [3]. 
 
For this project, LOS is possible, so considering that efficiency is improved in 
this configuration we will choose this option taking the advantage of possible 
alignment of sites. 
 
2.3.2 Transmitter options 
 
The two more commonly used sources for IR transmitters are light emitting 
diodes (LEDs) and laser diodes (LDs). LEDs are constructed from direct band-
gap semiconductor materials whose band-gap energies correspond to 
frequencies in the visible spectrum. In order to make LEDs efficiently emit light, 
this is typically accomplished through forward biasing a p-n junction. The 
current flowing through the junction allows for the rate of the radiative electron-
hole recombination to be large. The light emitted from this radiative 
recombination is in the form of spontaneous emission and is radiated uniformly 
in all directions. Laser diodes are made from similar materials as LEDs however 
they are generally more heavily doped to allow the materials to act as a 
semiconductor optical amplifier. As with all lasers feedback is required.[10] 
 
LEDs are usually cheaper and harder to damage than laser diodes and LEDs, 
also, achieve higher power capability. On the other hand, laser diodes can be 
used at higher modulation rates than LEDs. 
 
For indoor optical wireless transmitter, LDs are preferable over LEDs because 
they have higher optical power outputs, broader modulation bandwidths and 
linear electrical to optical signal conversion characteristics [11]. Linearity in 
signal conversion is particularly important when sophisticated modulation 
schemes such as multi-subcarrier modulation or multilevel signaling are used. 
But due to safety reasons (2.3.5) laser diode cannot be used directly for the 
indoor IR systems, where radiation can enter a human eye quite easily. LDs are 
highly directional radiation sources and can deliver very high power within a 
small area on the retina thereby resulting in permanent blindness. On the other 
hand, LEDs are large-area emitters and thus can be operated safely at 
relatively higher powers. They are also less expensive and more reliable. 
Consequently, LEDs are the preferred light source for most indoor 
applications.[12] Table 2. 2 shows a brief comparison between LEDs and LDs 
in order to summarize the main features. 
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Table 2. 2 Comparison between LEDs and Laser Diodes. (Shading denotes an 
advantage)[12] (source “A Review on Indoor Optical Wireless Systems” from 
Chaturi Singh, Joseph John and K.K.Tripathi ) 
 
Characteristic Ligth- Emitting Diodes Laser Diodes 
Spectral Bandwidth 25 to 100nm < 10-5 to 5nm 
Modulation Bandwidth Tens of KHz to tens of MHz 
Tens of MHz to tens 
of GHz 
E/O conversion Efficiency 10 to 20 % 30 to 70 % 
Eye Safety Generally considered eye-
safe 
Must be rendered 
eye-safe.Especially 
for λ<1400nm 
Cost Low Moderate to high 
 
2.3.3 Receiver options 
 
The two more common detectors types for the different configurations are: PIN 
diodes and avalanche photodiodes (APDs). PIN receivers are commonly used 
due to their lower cost, tolerance to wide temperature fluctuations and operation 
with an inexpensive low-bias voltage power supply. However, PIN receivers are 
about 10 to 15 dB less sensitive [13] than APD. Increasing the transmitter 
power and using larger receiver lens diameter can compensate the reduced 
sensitivity of these receivers. On the other hand, the increased power margin 
afforded by the APDs provides a more robust communication link, which 
reduces the criticality of accurate aligning of lenses. This allows in reduction of 
transmitter power. In addition to this, the better internal gain of APDs increases 
the Signal-to-Noise Ratio (SNR).  
 
2.3.4 Data transmission limitations 
 
In most of indoor communication systems environments, the receiver is not just 
exposed to the infrared radiation of the transmitter, but also to ambient light. 
The dominant source of noise in indoor optical wireless systems is ambient 
light, which is typically a combination of fluorescent light, sunlight, and 
incandescent light.  
 
Fluorescent light has just a small amount of infrared radiation, but daylight and 
incandescent light present a higher amount of infrared radiation, tungsten being 
the worst source. Fluorescent light has a low power density at the wavelengths 
used by photodetectors. Fluorescent lamps flickers on and off at the line 
frequency and causes spectral lines in the resulting photodetector current at 
multiples of the line frequency. The interference generated from these spectral 
lines can be avoided by modulating the transmitted signal. Daylight may be a 
problem just when terminals operate near windows, and it can be suppressed 
by using a with a silicon photodiode they perform jointly as a band pass filter. 
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2.3.5 Eye safety 
 
As it has been mentioned in 2.3.2 eye safety consideration has to be taken in 
order to select the proper transmission source. It is, probably, the most 
important restriction for the emitted power level of the source. Infrared radiation 
can damage the retina and the cornea of the eye when used inappropriately. 
This damage will depend on the exposure time, the wavelength and the power 
of the signal. 
 
The eye safety standards are set by International Electro-technical Commission 
(IEC) [14], which describes the allowable exposure limits (AEL). This AEL 
ensures that the system is safe under all circumstances of use and it does not 
require warning levels. The IEC also classifies LDs based on their total emitted 
power into Class 1, 2, 3A and 3B as shown in Table 2. 3. 
 
Table 2. 3 Safety classifications for a laser source [12] (source, “A Review on 
Indoor Optical Wireless Systems”) 
 
 650nm 
(visible) 
880nm 
(infrared) 
1310nm 
(infrared) 
1550nm 
(infrared) 
Class 1 <0,2 mW <0,5 mW <8,8 mW <10 mW 
Class 2 0,2 – 1mW N/A N/A N/A 
Class 3A 1 -5 mW 0,5 – 2,5 mW 8,8 – 45 mW 10 – 50 mW 
Class 3B 5 – 500 mW 2,5 – 500 mW 45 – 500 mW 50 – 500 mW 
 
 
They dictate that all transmitters must be Class 1 eye safe under all conditions 
and the launched power must not exceed 0.5 mW for the systems employing 
laser sources. Class 1 products are defined as inherently safe, that means that 
they are safe even when viewed with optical instruments. Optical wireless 
systems are required to fall into this category. LEDs are large-area emitters that 
can be operated safely at large emission power levels. That and their reduced 
cost make them the preferred optical source for an indoor environment. 
 
2.3.6 Modulation techniques 
 
In optical wireless communications, modulation takes place in two stages. First 
the transmitted information is coded as waveforms and then these waveforms 
modulate signal intensity (amplitude) of emitted infrared light. In practice direct 
amplitude modulation by the message is not preferred because optical wireless 
links suffer from extensive amplitude fluctuations. 
 
We have studied the two main modulation techniques implemented in optical 
wireless communications systems the On-Off Keying and the Pulse Position 
Modulation in order to select one of them to be developed in the project. 
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2.3.6.1 On-Off Keying (OOK) 
 
OOK is the simplest technique to implement in wireless infrared transmission. 
Prior to transmission, the information is translated to a specific code such as 
Manchester, RZ, or NRZ codes, to get a stream of pulses. In OOK, a pulse is 
transmitted if the code bit is ‘one’ during a fixed time slot and a ‘zero’ is 
represented by the absence of the pulse during the time slot. The pulse can 
have different duty cycles (d). When using a duty cycle d <1, the required 
bandwidth is increased by a factor of 1/d while the average power requirement 
is decreased. This is the reason why OOK with RZ pulses is common in infrared 
systems. [12]  
 
2.3.6.2 Pulse Position Modulation (PPM) 
 
Indoor optical wireless communication systems require modulation techniques, 
which make high-speed digital transmission possible with less average 
transmitter power. Higher average power efficiency can be achieved by 
employing pulse modulation schemes in which a range of time-dependent 
features of a pulse carrier may be used to convey information. 
 
PPM [15] and its variants are widely considered as the best modulation 
techniques for power-limited intensity modulation with direct detection (IM/DD) 
communication systems. PPM has been widely used in optical communication 
systems, and has been adopted by the IEEE 802.11 working group for the 
infrared physical layer standard. N-PPM is defined to have N slots in a single 
symbol time. So, in an N-PPM, a constant optical power of NPt watts is 
transmitted within only one slot while the remaining (N-1) slots will have zero 
power. Here, Pt is average transmitted power. Therefore, log2(N) bits can 
modulated into N-PPM.  
 
 
 
 
Fig. 2. 2 Symbol time scheme in Pulse Position Modulation technique 
 
2.3.6.3 OOK vs PPM 
 
PPM achieves higher average power efficiency than OOK at the expense of an 
increased bandwidth requirement. PPM increases system complexity compared 
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to OOK, since both slot and symbol level synchronization are required in the 
receiver.  
 
One of the principal advantages of PPM is that it is an M-ary modulation 
technique that can be implemented non-coherently, such that the receiver does 
not need to use a phase-locked loop (PLL) to track the phase of the carrier. This 
makes it a suitable candidate for optical communications systems, where 
coherent phase modulation and detection are difficult and extremely expensive. 
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CHAPTER 3. ADOPTED SOLUTION 
 
After studying communication technologies possibilities and its main topics the 
technical solution has to be defined. In this chapter we define the technical 
design for information acquisition, transmission and processing in housing 
cellule process. 
 
3.1 Introduction 
 
In chapter 2 the problem we have to solve was defined in order to have a good 
cellule lean manufacturing management. To improve the management process 
we decided to develop a technical solution based on telecommunication 
infrastructure. The solution follows the block diagram shown in Fig.3. 1. 
 
 
 
 
Fig.3. 1 Block diagram of a communication infraestructure 
 
Technical viability resides on the good design of links (bandwidth requirements, 
power level analysis and commercial devices) in order to have good 
communication between sites to ensure the information sending. The analysis 
will start in sensing process and will finish in data visualizing. 
 
3.2 Image detection 
 
At present many detection systems are developed in manufacturing production. 
Sensors are the main tool to improve manufacturing cellules production. They 
can measure many magnitudes so that control production in a remote way [16]. 
It would be a good solution for this project if no difference between pieces 
exists. In this way we could have designed some technical solutions already 
developed with any kind of sensor after studying its characteristics. 
 
Once the option of using sensors was discarded, the most efficient way of 
identifying the four types of pieces was detecting them by image. In this case, 
its physical differences can be observed. The idea lies in comparing the images 
taken by a digital camera with some patterns introduced previously in a 
database.  
 
The images can be taken in the different key points to be sent and processed, 
to obtain the results. 
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3.3 Communication Interface 
 
Once main technical aspects have been studied, in order to develop a solution 
we have to design the communication interface. As it was explained in 1.4 we 
need to take information about heat treatment input, material that is already in 
the oven (ECM) and material that is in heat treatment supermarket. In this way, 
a technical solution based on optical links is developed. We have analyzed 
different commercial devices for transmission and reception, modulation 
technique as well as the correspondent power analysis to verify the viability of 
the solution. 
 
3.3.1 Transmitter SFH4550 
 
After studying both LED and LDs transmitters for an indoor environment, LED 
has been chosen. In order to satisfy the necessities of this project it will be the 
best option according to its capacity (enough to transmit hundreds of kBytes), 
eye safety (manufacturing indoor environment) and low cost. The selected 
device is the SHF4550 infrared LED from OSRAM manufacture [17]. It works in 
infrared spectral wavelength (850nm) and its relative spectral emission is shown 
in Fig.3. 2. 
 
 
 
Fig.3. 2 Relative spectral density of SFH4550 [17] 
 
It has a central spectrum bandwidth of 850nm with variations until 42 nm (∆λ) 
emitting 50% of maximum intensity. SFH4550 led is characterized by its high 
power, narrow emission angle (φ= ± 3°), very high radiant intensity and its short 
switching times (ts=12ns). 
 
3.3.2 Receiver SFH213 
 
After analyzing the two options in reception terms, the choice of photodiode to 
design the receiver has been based on price, availability and the sensitivity to 
the visible region of the spectrum. Osram SFH213FA PIN photodiode has been 
chosen [18]. As it has been explained in 2.3.3, APDs are more sensitive than 
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PIN photodiodes but in this case, the commercial transmitter has internal lenses 
so transmitted power is high enough to use a PIN photodiode. 
 
 
 
 
Fig.3. 3 Relative spectral density oh SFH213FA Srel=f(λ) 
 
 
SFH213FA photodiode is especially suitable for optical applications that work in 
the infrared part of the spectrum, specifically in 880nm, which is suitable for this 
system taking into account the device selected in transmission. It is 
characterized by its short switching time of 5 ns and its little package (5mm). 
 
3.3.3 Channel main features 
 
Once transmission and reception devices have been chosen we can calculate 
channel bandwidth capacity. Technical features of these devices are the ones 
that define the bandwidth limitations in terms of bps. Apart from transceiver 
topics, modulation techniques influence on channel capacity. As it was 
explained in 2.3.6, several modulation techniques can be used but only one can 
be considered in this solution. 
 
3.3.3.1 Modulation technique 
 
After studying the different modulation techniques in optical wireless 
communications, Pulse Position Modulation (PPM) will be used in the technical 
solution. It is the best modulation technique for power-limited intensity 
modulation with direct detection communication systems. In this case we work 
with two direct optical links. 
 
The modulation order influence in channel capacity, depending on M order 
bandwidth capacity varies according to (3.1). 
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The technical solution depends on bandwidth capacity, bit rate and modulation 
order (M) selection. 
3.3.3.2 Bandwidth calculation 
 
In this section we will calculate the channel capacity from transmitter and 
receiver features that are shown in Table 3. 1. To calculate bandwidth capacity 
switching times of both devices are important. As emitter and receiver have 
different switching times we have to calculate the most restrictive one in terms 
of Hz. 
 
Table 3. 1 Technical information of transmission and reception devices 
 
Feature SFH4550 SFH213FA 
Device High Power IR Emitter Silicon PIN Photodiode 
Wavelength at peak emission 860nm 850nm 
Half angle ±3deg ±10deg 
Active chip area 0.09 mm2 1 mm2 
Switching times, 
 Ιe from 10% to 90% and from 90% 
to 10% ; IF = 100 mA, RL = 50 Ω 
12ns 5ns 
Radiant intensity 
IF=1A;tp=100µs 9000mW/sr 
- 
Noise equivalent power - 2.9 × 10W/√Hz 
 
 
From switching times of the LED SFH4550 and photodiode SFH213FA we can 
see that the most restrictive will be the transmitter with a switching time (tr) of 
12ns. In fact this means that the time of change from ‘0’ to ‘1’ or vice versa is 
12ns, so the bit time (Tb) must be about one order of magnitude higher than tr. 
We have assumed a pulse time of 100ns. 
    
Considering the PPM modulation, explained in 2.3.6, the bandwidth of the 
communication depends on the modulation order (M). The higher M the higher 
the bandwidth requirement so we will apply a 4-PPM, which means sending 4 
slots of 100ns (Tsymbol) or 2 bits of information every 400ns (Rb). The bit rate is 
calculated in (3.2). 
 
Mbps
ns
bits
T
bits
R
b
b 5
400
2#
===
   (3.2) 
 
Consequently the electrical bandwidth, according to (3.1), is 10MHz. The 
biggest file we want to transmit is an image. The size of it can vary according to 
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the number of pixels of the image as well as the content of the image itself. 
Nevertheless, we have calculated the bit rate (bps) considering an adequate 
modulation order (M) for an optical transmission of its characteristics and the 
result is good enough to transmit images between the different sites. 
 
3.3.4 Power level analysis 
 
Power link analysis is the next step in order to define the links and verify if it is 
necessary to use some amplification of the signal. To do this is important to 
consider both transmitter and receiver main features like transmitted power, 
emission wavelength, noise equivalent power and frequency bandwidth. Taking 
into account transmitter parameters we know the radiant intensity (Prad) which is 
equivalent to 9W/sr. This data is referred to the radiant intensity emitted per 
solid angle (see Fig.3. 4), which means the total power received, calculated in 
(3.3) and (3.4) will depend on the solid angle with which the transmitter sees the 
receiver. 
 
 
 
Fig.3. 4 Scheme of the received power seen under the receiver solid angle 
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The first link is the one that communicates the heat treatment process with the 
control point. Its function is to transmit information of the material line of 
entrance in this process. This link is the largest, arising 26,5 metres 
approximately. The second link communicates the supermarket with the control 
point, has a length of about 7m. 
 
The weakest modulated light signal that can be detected by a typical PIN diode 
will be dependent on several factors. The most important factor is the noise 
produced by the detector and the correspondent electric circuit.  The detector 
noise is very dependent on the amount of extra light striking the detector but on 
the other hand the electrical circuit behind it introduces high amount of noise in 
the output of the PD [20]. The two noise sources have been studied in order to 
determine what the total noise power of the reception system is. 
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The Photodiode Noise Equivalent Power is about 29
Hz
fW
 [15]. In order to 
obtain a voltage signal at the output of the system we work with a 
transimpedance circuit. We have chosen a LMH6624 ultra-low noise wideband 
operational amplifier [20] to develop the amplifier. The correspondent 
transimpedance circuit it shown in Fig.3. 5. To calculate the current noise 
density at the output of the photodiode we calculate Ini (3.5), obtained in  [20]. 
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Fig.3. 5 LMH6624 transimpedance amplifier; a)Transimpedance amplifier 
configuration. b) Current Noise Density vs. Feedback Resistance 
 
The current density at the photodiode output is equal to 3,61
Hz
pA
. To obtain 
the power noise density we take into account the spectral sensitivity of the 
photodetector [18] to reference the current noise density at the input of the 
circuit (3.6). 
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As we can observe, the NEP introduced by the electrical reception circuit is 
three orders of magnitude higher than the one introduced by the photodiode 
due to optical detection. In this case the NEP of the photodetector can be 
considered insignificant so the noise power is calculated in (3.7).  
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For most medium speed applications, the weakest modulated light signal that 
can be detected is about 0.1 nanowatts. But, such sensitivity can only be 
achieved under very dark conditions, when virtually no stray light is focused 
onto the detector. In many daytime conditions the ambient light level may 
become high enough to reduce the minimum detectable signal to about 10 
nanowatts. However, to insure a good communications link you should plan on 
collecting enough light so the signal of interest, coming from the distant 
transmitter, is at least 10 times higher in amplitude than the noise signal. This 
rule-of-thumb is often referred to as a minimum 20db signal to noise ratio (SNR) 
(3.8) [21]. However, in order to avoid any kind of problem in real adaptation the 
margin has been raised up to 30dB. 
 
dBmdBPP NR 2130min −=+=    (3.8) 
 
At this point we can observe that signal amplification is necessary in the longest 
link because power received level is smaller than the threshold defined by the 
noise power. On the other hand in the shorter link amplification is not required. 
 
In this analysis shot noise and interference produced by artificial light have not 
been taken into account because we consider an indoor environment without 
ambient light inside the room and artificial light (fluorescent) does not interfere 
in the optical communication due to the height of the circuit compared to the 
light sources. 
 
3.3.4.1 Signal Amplification 
 
Talking about optical communication amplification means increasing 
photodetector effective area to be able to increase de Field Of View and 
concentrate more light to achieve the minimum power level (3.8). The optical 
lenses are used in optical amplification.  
 
 
 
Fig.3. 6 Diagram of optical amplification with lenses 
 
The first step is calculating the effective area (3.9) of the receiver to be able to 
concentrate the minimum power level. 
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Once the area has been obtained we can obtain de lens diameter (3.10). 
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With this calculation using a lens of 92mm of diameter we will be able to collect 
higher amount of optical power. Nevertheless, this value is a nominal value but 
not a commercial one. The commercial value for a lens that accomplishes 
(3.10) is about 100mm of diameter [22]. This fact implies a focal distance of 
200mm approximately what results in a higher dimension of the receiver. 
 
In this situation and trying to avoid big constructions we decided to use a type of 
lenses that can be focused closer to the receptor than traditional lenses 
maintaining the same lens diameter. An IR Fresnel lens has been chosen 
whose diameter is 127mm (5”) and focal length is about 66mm (2,6”)[22] as 
well. In comparison the dimension is reduced by almost the third part, by 
gaining some milimeterd in diameter. In terms of price a Fresnel lens is cheaper 
because is made with plastic. 
 
3.4 Data processing 
 
Image detection can be implemented in different ways. The possibility of 
developing a software tool based on image detection would be one option. 
Moreover, we can use a commercial tool that could give us the solution we 
need. Considering both options the second one was chosen. Developing a 
software tool based on image detection is not easy and requires a long process 
to get good results. On the other hand, this option could be at first cheaper than 
buying a commercial toolkit. However, we consider the option of using 
commercial software that will give good results and technical guarantee behind 
its purchase. Furthermore, the system will be developed in a manufacturing 
environment, where high investments are done, so investing in this software will 
report better results in cellule management, so at the end it could be considered 
as a commercial movement for the company. 
 
3.4.1 Software implementation  
 
After taking the decision of choosing a commercial toolkit it is important to select 
the one that fits better with our requirements. The requisite is not to identify an 
specific element in an image but to differentiate four different pieces following 
some patterns. 
 
The software that has been chosen is the SpikeNetVision belonging to Spikenet 
Technology company [23]. SpikeNet Vision is a revolutionary object location 
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software technology that features extremely fast processing and improved 
robustness compared to classical algorithms. This technology is based on 15 
years of research by the Brain & Cognition Center in Toulouse (France). 
SpikeNet Vision is directly inspired by the strategies used by the human visual 
system. The basis of SpikeNet Vision is to compare input images with models 
saved in the data base. The functioning is shown in Fig.3. 7. 
 
 
 
Fig.3. 7 SNVision functioning bloc diagram [24] 
 
SpikeNet Vision has already developed many applications in image recognition 
environment. They have done logo detection on broadcast TV (Fig.3. 8 a.) for 
content analysis and indexing of video flows, detecting online copyright 
infringement. They have also design license plate identification application 
(Fig.3. 8 b.) in order to locate and interpret license plate alphanumeric on 
moving or parked vehicles. Another example is traffic analysis and monitoring 
(Fig.3. 8 c.) where it helps measuring road frequentation and provides accurate 
speed estimation. It also can detect accidents and congestion to optimise traffic 
flow. 
 
 
 
Fig.3. 8  a. Logo detection, b. license plate identification, c. traffic analysis [24] 
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SpikeNet Technology offers a toolkit version of this product. The package offers 
the SNVision Model Builder and the SNVision Library. The first one is an 
application that enables us to create the models that we wish to locate. You can 
test the robustness of the recognition on a set of images, in order to find optimal 
settings. Each time the recognition process is initiated, SNVision MB provides 
information about the results (processing time, number of models that were 
found in each image, location of these models…). Once your models have been 
tuned, you can save them in a model file (*.snm) that can be loaded into 
SNVision Library (the dll) and used during the recognition process [24]. The 
SNVision library is the true core of its technology. Computation time increases 
linearly with the number of models. SNVision Library is the runtime module 
which enables us to include SpikeNet Technology into our application. 
 
The software license is available to be bought with a price of 9500euro. It 
includes the full SDK which contains API (win32 dll) and tools to develop our 
own application. SpikeNet Vision offers the possibility of configure it in order to 
obtain what the customer wants. In this case we have determined some 
important points: 
 
• Scale: from 50% to 200% of the reference model. It means that the 
photo will be analyzed according to possible scale changes comparing to 
the reference model. 
• Rotation: from 0º to 360º. The piece is not defined in one specific 
position so it has to be analyzed it in all possible angles. 
• Resolution: the same. All images have to be taken with the same 
resolution. As photos have been taken with the same camera and 
configuration it is not a problem.  
 
3.4.2 Software tests 
 
Several tests have been made in order to check the viability of this software 
application within the manufacturing environment we want to apply it. Its aim is 
to identify, according to the reference models of each piece, the four types of 
pieces that are in production in the cellule. As explained in 1.2, the pieces suffer 
physical changes along the process. They have two different states, the pre-
heat treatment and the post-heat treatment. According to this, the tests have 
been done with different images of both states. 
3.4.2.1 State 1: Pre-Heat treatment 
 
In this case the pieces have a bright aspect. To ensure the program capability 
of detection in this specific case of recognition, pieces in Fig.3. 9 have been 
defined as the patterns to be compared with in this state.  
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Fig.3. 9 Four reference models in pre-heat treatment state. a) DAI2; b) DAI·; 
c)PSA; d)HMC 
The aim is not to obtain 100% of recognition in all pieces (a lot of factors have 
influence in image detection: light, brightness, position…) but obtaining most of 
good results (more than 50%) in comparison with the rest of models. In order to 
give an example of how SpikeNet Vision works we show an example of a test 
done in a pre-heat treatment stage. Fig.3. 10 shows the results of the test. In 
Fig.3. 10 a) matching is clear; there is no mistake in the analysis. On the other 
hand, in Fig.3. 10 b) some confusion can be detected due to similarity in the 
pieces, the brightness of them and the ambient light. Nevertheless, we can see 
that the correct result appears in a double quantity in front of each of the 
mistaken results.  
 
  
 
Fig.3. 10 Test of image. a) in a PSA chart; b) DAI3 in previous heat treatment 
 
Ambient light affects in a significant way in the results. A solution to this problem 
would be a focus light (not a fluorescent) that illuminates all pieces in the same 
way. In contrast it would require more power consumption because of the 
necessity of having the illumination on 24h a day. As the results are not wrong 
in such a way that they confuse any reference piece, we assume that there is 
not necessary to add any illumination source unless any change in the physical 
structure of the cellule changes and the obtained tests were wrong. 
 
3.4.2.2 State 2: Post-Heat treatment 
 
The second possible state of the pieces is after the heat treatment process. 
They have been exposed to hundreds of degrees of temperature so initial 
brightness disappears and the pieces look as Fig.3. 11. 
 
a b 
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Fig.3. 11 Two examples of reference models in post-heat treatment state: a) 
PSA; b) DAI2 
The main visible difference with previous state is the lost of brightness in the 
pieces. It makes easier the recognition process due to the lack of reflection of 
ambient light in them. In this case, more correct results are obtained because of 
no reflection that disturbs the recognition. In Fig.3. 12 a) we can see that the 
same piece reference has twenty more matches than in pre-heat treatment. 
 
 
 
 
Fig.3. 12 Test of image after heat treatment process: a) PSA; b) DAI2 
 
Although the good results increase, it does not mean zero error in test 
recognition. Similarity in shapes already exists and some mistaken results can 
be achieved. However, the percentage of good results has also improved 
(Fig.3. 12 b)) in comparison with previous state. Detection is clearly defined 
despite minimal confusion in detection.  
 
3.5 Data visualization 
 
The final step is showing the results obtained after data processing. In this case 
operations, processing and visualization will be done in the same machine. A 
personal computer could be enough to do these tasks. Visualization is based in 
showing the whole content of the cellule in real time. The details of data 
visualization will be explained in chapter 4. 
 
Additionally the user will be able to see the images from the two detection 
points whenever he wants. The program can send a ‘detection order’ to take 
a b 
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image being the transmission-reception system equivalent to the explained 
previously. 
 
3.6 Overall communication 
 
The different parts of the technical solution have been described in detail from 
the sensing method up to the visualization of the results. From this point we 
define the overall connection as the way that all these parts are connected to 
obtain the final result. There are two blocks: transmission and reception. 
 
3.6.1 Transmission 
 
Transmision system is the responsible of sending the correspondant image in 
each iteration of detection. In this way the main points of the system are the 
image detection (with a digital camera) connected to a µC, previously 
programmed, and finally the optical transmitter modules which includes the 
modulator and the optical transmitter with the lens. 
 
 
 
Fig.3. 13 Block diagram of the transmission system 
 
3.6.2 Reception 
 
The reception block consists in obtaining the optical signal sent by the 
trnasmitter using a photodetector. The photodiode transceives the optical signal 
onto current so after the PD we use a transimpedance circuit in order to obtain 
a voltage signal. This signal will go onto the computer, after being digitalized 
with an ADC converter, to be processed by the image detection software. The 
physical interface used to transmit data up to the computer would be USB. 
Fig.3. 14 shows the block diagram of the reception system. 
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Fig.3. 14 Block diagram of the reception system 
 
SNVision software allows C++, Visual Basic programmation what means that 
the detection and the users interface could be programmed to obtain the 
desirable results[25].  
 
3.6.3 Channel duplicity 
 
Communication between the two points of interest has a duplex channel which 
means that from the control point orders can be sent up to the image detection 
device in order to take pictures when the user wants. However, iteration loop 
continues working as it was programmed. The diagram block of the 
transmission and reception systems in this function is shown in Fig.3. 15. 
 
 
 
 
Fig.3. 15 Transmission and reception block diagrams for channel duplicity 
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Introducing a duplicity in optical links does not influence in optical quality of the 
received signals. Adding a simple opaque wall between the two devices is 
enough to isolate both stages. 
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CHAPTER 4. GLOBAL DESIGN 
 
The aim of this chapter is describe the whole system implementation mixing the 
technical solution explained in chapter 3 with the requirements and problem 
definition defined in chapter 1. It is important to locate data acquisition points 
and how they are pretended to work in order to accomplish initial requirements. 
 
4.1 Description of data acquisiton sites 
 
The technical design is defined around four different sites; three of them are 
acquisition data points and one is the processing point (known as control point).  
In this section we are going to describe the overall connection of the four sites 
and the role of each site inside the whole. 
 
 
 
Fig.4. 1  Diagram of the whole system connection 
 
In the diagram of Fig.4. 1 we can detect the three acquisition sites connected to 
the main site. Each of them has a particular communication with the control 
point. Any of them has connection between each other. Obtaining information of 
these points we will be able to have a ‘digitalized kanban’. It means that the 
same information as a traditional kanban will be obtained. 
 
4.1.1 Heat treatment input 
 
The site number one is located before BOSCH machine. There is a FIFO queue 
where charts are put from the previous stage. Each chart contains one 
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reference of pieces so in this case we can analyze the content of each of them 
by using image detection.  
 
The physical space of the factory allows as much six charts (no more charts 
must be stopped out of this area to ensure data veracity) so in order to give 
information of the whole, a static camera would not be viable. In this case a 
rotational camera that was in movement would be the best solution. It could be 
programmed as a robot and go over the piece charts taking photos. The 
information will be transmitted to the control point. 
 
Changes rate in the queue state is not high; processes are quite long (around 
45 min and 1h in best cases) so the period time of the image detection does not 
has to be short. It can work each 8-10 minutes and take images of all charts in 
the queue, sending them in serial mode. This functioning is shown in Fig.4. 2. 
 
 
 
Fig.4. 2 Flowchart of heat treatment input analysis 
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Image capturing is controlled by the control point where orders are sent by 
optical communication. In this way the communication link is considered a 
duplex channel. Communications goes in both directions; from control point to 
capturing points when capturing order is sent and from capturing points to 
control point when images have to be analyzed. 
 
4.1.2 Heat treatment database 
 
As it was explained in Chapter 2 different stages involve heat treatment 
process. One of them is the internal control of the oven. This process is 
physically isolated because of the complexity of the system and its autonomy. 
The only way to control what occurs inside the oven (there are two industrial 
ovens with 6 cellules in each one) is from the control point located next to the 
input of the oven. A particular software control is programmed. Workers can 
control what is in the oven and they can, also, introduce the required data of the 
input material. All this information is saved in the internal database of the 
system so data can be extracted in case of being necessary. 
 
The unavailability of physical access to the core of the heat treatment cellule 
makes us think in take profit of the current system used nowadays. Thus the 
communication of the heat treatment data base and the control point will be 
through the internal network of the company. This connection will not be 
wireless communication because both sites have access to the local network 
through physical connections. 
 
4.1.3 Heat treatment supermarket 
 
Last stage in the process is the supermarket. Material leaving heat treatment 
oven go to the supermarket. In this area different charts are parked according to 
the references of the pieces they contained. The four reference models are 
grouped in rails (2 rails for each reference of pieces).  
 
Information extracted from this stage allows knowing how many charts are 
finished and waiting to go to next cellule. Although they have finished the 
process they are yet inside in, so we have to analyze the content of the 
supermarket as well as the rest of points in the process. 
 
In this case, due to high amount of charts that could be placed, material 
detection must be different of heat treatment input analysis. Image detection is 
the selected technology but the difference resides on the reference models 
used in this stage. Instead of analyzing one chart per image, all charts are 
photographed. The global image is compared with the reference models of each 
possible situation in the supermarket. The quantity of models is bigger than 
analyzing only one chart but it is cheaper in cost compared to have at least four 
autonomous cameras as in the first stage (4.1.1). 
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The system works as the heat treatment input detection, so it follows the 
diagram in Fig.4. 2. 
 
4.1.4 Control point 
 
The cellule control must be concentrate in only one point in order to be the more 
organized as possible. Material flowing in the process will be shown in a 
computer located in the control point. This point is physically situated next to 
SONOWAT machine. 
 
4.2 Equipment requirements 
 
Technical solution based on telecommunication system involves equipment 
requirements. In this case and taking into account wireless technology used in 
the design, the quantity of material needed involves the image detection, the 
optical communication interface and the processing stage. The material that 
must be bought so that implementation could be done is: 
 
1. Two digital camera  
2. One personal computer 
3. Four high power infrared emitters 
4. Four silicon PIN photodiode 
5. Analog-to-Digital converter 
6. Four transimpedance amplifiers 
7. Two PCX lenses 75mmx150mm 
8. Two IR Fresnel Lens 3.0" X 3.0", FL 2.2" 
 
4.2.1 Material description 
 
Equipment analysis starts from the point that image detection is implement so 
digital cameras study is the first step. Photo capturing must be supported by pc 
controlled device as a digital webcam able to take high quality images. 
Standard webcams do not accomplish high quality requirements so the search 
has been focused only in high definition devices.  
 
Table 4. 1 Commercial web cams list 
 
Name Manufacturer Sensor Resolution Interface Price 
WebCam 
200HD 
Fujitsu-Siemens 2Mpixel 1600x1200p USB 2.0 ~40€ 
SPC2050NC Philips 2Mpixel 2Mp to 8Mp 
(interpolated) 
USB 1.1, 
USB 2.0 
~100€ 
QuickCam® 
Pro 9000 
Logitech 2Mpixel 1600x1200p USB 2.0 ~110€ 
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There are three different high definition webcams according to Table 4. 1. 
Considering technical features all of them have same characteristics and they 
only differ in economical terms. The model belonging to Philips has the 
possibility of achieving 8Mps resolution using digital interpolation. In this case, 
SPC2050NC [26] would be a good price-quality option. 
 
Images captured by the digital webcam must be sent by the optical 
communication detailed in Chapter 3. According to explanation in 3.3, the 
selected devices for communication interface are shown in Table 4. 2. There 
are two optical links implemented configured in duplex way, so we consider two 
units for transmission and two for reception. Since pessimist point of view it is 
recommend buying more units in order to have stock for needed repairing. 
 
Table 4. 2 Optical devices selected 
 
Name Manufacturer €/unit Price 
SFH 4550 OSRAM 0,70€ 2,80€ 
SFH 213 FA OSRAM 0,60€ 2,40€ 
LMH6624 National 
semiconductor 5,40€ 10,80€ 
µC PIC33FJ256GP710 Microchip Technologies 10€ 40€ 
A/D converter Microchip Technologies 3€ 6€ 
     IR Fresnel Lens 5.0" 
X 5.0", FL 2.6" Edmund Optics 21,38€ 42,76€ 
TOTAL  104,76€ 
 
 
Finally, after receiving images from the two detection points next step consists 
in processing this information. It will be done with a personal computer. There 
are two different options: using a personal computer or using a laptop.  
Technical requirements to process images are not high; the most restrictive are 
the specifications in SNVision datasheet [24], so in this way a computer with 
benefits similar to the ones that anyone could have at home would be right. 
 
Searching for some models of computer we have choose two options one for a 
PC an other for a laptop that are actually in the market. Devices with similar 
specifications could be useful as well. 
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Fig.4. 3 Two possible options for control point processing system 
 
For the first option we have chosen an Acer PC whose main features are shown 
in Table 4. 3. On the other hand, the second option is based in using a laptop 
which has very good specifications, summarized in Table 4. 3. In data 
processing stage it is necessary to buy SNVision toolkit which has a price of 
9.500€. (3.4.1). 
 
Table 4. 3 Main features comparison between PC and laptop 
 
 PC Labtop 
Name 
ACER ASPIRE X3200 + 
MONITOR TFT ACER 
18.5" X193HQB  
PORTÁTIL ACER EXTENSA 
5630Z-423G50MN 
Processor Athlon 64 X2 5000 Intel® Pentium T4200 / 2 GHz 
Hard disc 640 GB SATA 500 GB Serial ATA150  
RAM 
Memory 4GHz 4GHz 
Screen size 18,5” 15,4” 
Price 450€+100€ 450€ 
 
4.2.2 Material budget 
 
After chosing the material we need to implement the solution we have calculate 
an approximate budget of the project develoment (Table 4. 4).  
 
Table 4. 4 Buget summary 
 
 
Device 
Price 
Digital camera From 40 to 110 € 
Optical devices 104,76€* 
Control point computer From 450 to 550€ 
SNVision toolkit 9.500€ 
TOTAL From 10.100€ to 10.265€ aprox. 
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* more than one unit in case of need repairing 
 
The price oscillates from 10.100€ to 10.265€ depending on the material 
selected. Some options has been proposed taking into account economic 
viabilities and physical preferences of the company. 
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CHAPTER 5. CONCLUSIONS 
 
 
After doing this project we can obtain some conclusions. The work has been 
done involving two different environments; manufacturing control and 
management as well as telecommunication applications. The integration of 
technological application in manufacturing environment could be useful to have 
digitalized control of the working cellules and find possible needed 
improvements as well. 
 
The initial situation of the problem could be solved using technology to obtain 
information of production and sending it to an important point where it could be 
analyzed. The cellule works with a kanban system so the proposed solution 
obtains the same information that could be analyzed with traditional method, 
applied nowadays. 
 
The design has been done considering working conditions as the production 
times of the different stages in the cellule. It consists in 3 information acquisition 
points that communicate with a central point. It receives the information, 
processes it and gives the results to the team workers. 
 
The sensing method used is based in image detection. The main reason for 
using this method was the physical difference in piece shape. It was the only 
method that could define the material according to its shape. Image detection 
involves a processing method to analyze pictures and obtain results. The 
selection was based in a software toolkit called SpikeNet Vision. Some tests 
have been done to ensure its functioning with approval. 
 
Communication interface study was based in two main options: Radio 
Frequency and InfraRed communications. In conclusion, Infrared system is the 
best option in the scenario we are working. The main characteristics that 
brought to this selection were: 
 
1. Length of the links: tenths of meters 
2. Indoor environment 
3. Interference: none in systems that works in its spectrum in nearest 
rooms. 
4. Small components 
5. Less expensive 
6. Less power consumption 
 
The solution has been designed with Infrared wireless technology. Devices 
selection was based in working wavelength and radiated power due to the 
length of the links. The application of this system is theoretically available in 
terms of power level. The use of amplification is required in the largest link.  
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CHAPTER 6. FUTURE LINES 
 
 
 
This project was though as a theoretically proposal for a solution of a real 
problem concerning in a manufacturing working cellule. The proposed solution 
remains open for its development of it in the real environment. The project can 
be extended. 
 
The future development should be done in electrical implementation of the 
circuitry involving the transmitter and receiver as well as the real verification of 
the optical links designed. Finally, programming of the system functioning is 
required both the µC and the control point application. 
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APPENDIX 
 
APPENDIX A. SFH4550 INFRARED TRANSMITTER 
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APPENDIX B. SFH213 PIN PHOTODIODE 
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APPENDIX C. LMH6624 Single/Dual Ultra Low Noise Wideband 
Operational 
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